Aberrant activation of atypical protein kinase C in carbon tetrachloride-induced oxidative stress provokes a disturbance of cell polarity and sealing of bile canalicular lumen.
Polarized hepatocytes contain tight junctions (TJs), which are among the most important junctions for sealing the bile canalicular lumen from the sinusoidal space. Alterations in TJs are implicated in chronic cholestatic liver diseases, such as primary biliary cirrhosis and primary sclerosing cholangitis, which have lipid peroxidation marker elevations or antioxidant vitamin decreases. However, the effect of oxidative stress on hepatocyte polarity or liver morphology is unknown. We found that carbon tetrachloride (CCl4)-induced oxidative stress resulted in disassembly of TJs. Ultrastructural analysis revealed disruption in TJs, Golgi morphology, and expansion of the bile canalicular lumen size in CCl4-treated hepatocytes. The Par complex [Par-3-atypical protein kinase C (aPKC) and Par-6 ternary complex] regulates TJs and lumen formation, and the Par-3-aPKC complex formation was inhibited by CCl4 treatment. Moreover, the antioxidant compound vitamin E prohibited a CCl4-induced disturbance in TJs and Par-3-aPKC complex formation. aPKC phosphorylates Par-3 and down-regulates its own affinity with Par-3. Importantly, aPKC kinase activity and Par-3 phosphorylation were significantly increased in CCl4-treated rat livers. These results indicate that the Par-3-aPKC complex plays a crucial role in the maintenance of hepatocyte polarity and sealing of the bile canalicular lumen. Our findings suggest that bile canalicular lumen expansion might explain the presence of cholestasis in patients with primary biliary cirrhosis and primary sclerosing cholangitis.